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AKAP95 蛋白与 D 类 cyclins 蛋白的存在相互作用关系，其后续研究指出 cyclinE
蛋白与 AKAP95 蛋白在细胞中发生共沉淀，并且 CDKs 与 AKAP95 竞争性结合
G1/S 期的细胞周期性蛋白 cyclins，G1/S 期的 cyclins 蛋白通过 AKAP95 与 PKA
的 RⅡ亚基相互作用。 
为了研究 Cx43、AKAP95 和 cyclinE2 三种蛋白在肺癌组织中的表达情况，



























分型相关；Cx43 蛋白与 cyclinE2 蛋白还可能存在相互作用共同影响肺癌的发生
发展过程。 
为了在细胞水平上，探讨人肺癌细胞 A549 中是否存在 AKAP95 蛋白与细胞
周期蛋白 cyclinE2 的相互结合作用，并通过转染 Cx43 基因，深入探索 Cx43 蛋
白非依赖细胞间隙连接通讯功能对细胞周期生长调控的作用机制，我们利用细胞
浆核蛋白分离，免疫共沉淀结合 Western blot 的实验技术，证明 A549 细胞核内
存在 AKAP95 蛋白与 cyclinE2 蛋白的相互结合关系，细胞浆内未发现二者相互
结合；A549 细胞转染 Cx43 基因后，不影响细胞核内 AKAP95 蛋白与 cyclinE2
蛋白的相互结合关系，并发现 A549-Cx43 细胞浆内出现 AKAP95 蛋白的表达，
且细胞浆内表达的 AKAP95 蛋白与 cyclinE2 蛋白也存在相互结合关系。Cx43 的
过表达对 A549 细胞中 AKAP95 蛋白与 cyclinE2 蛋白表达情况的影响，为深入研
究 Cx43 蛋白调控细胞生长和增殖的作用机制提供有用的实验数据。另外，免疫
组织化学法、Western blot 和细胞免疫荧光均在肺癌细胞浆中发现 cyclinE2 蛋白
的表达。 
为了研究人肺癌细胞 A549 中，PKA 活性是否影响细胞核内 Cx43 蛋白和
AKAP95 蛋白的相互结合，我们利用细胞免疫荧光实验，采用共聚焦显微镜观察
经 PKA 抑制剂 H-89 处理前后的 A549 细胞内 Cx43 蛋白与 AKAP95 蛋白的共定
位关系，结果显示，PKA 活性对 Cx43 蛋白与 AKAP95 蛋白在 A549 细胞核内的


















Connexins (Cx) are a family of structurally-related transmembrane proteins that 
assemble to Gap junctions. Gap junction intercellular communications allow 
intercellular communication and the transfer of ions and small signaling molecules 
between cells mediated by the connexin. So GJIC is thought playing a role on cell 
proliferation, cellular differentiation and growing development. Recent years 
researches have indicated that the connexins play an important role in carcinogenesis 
and tumor progression. The related research has shown that connexin except the 
function of forming gap junction directly, it also involves in cell cycle regulation and 
plays regulation function on the cell growth and proliferation. Cx43 has been widely 
studied because of its widespread existence in human cells and being abundance in 
quantity. A lot of research shows that Cx43 is a kind of tumor suppressor genes, has 
an ability to inhibit tumor growth, and affect expression levels of cyclins.  
A-kinase-anchoring protein 95 binds to the regulatory subunit of cyclic 
AMP-dependent protein kinase. A scientific study revealed that there is an interaction 
between AKAP95 and D-type cyclins in CHO cells. Further study has shown that 
AKAP95 can also bind cyclinE, and they point out the interaction between cyclins 
and AKAP95 is not stable, the AKAP95 can be displaced by CDKs.  
We examine the expression of Cx43, AKAP95, cyclinE2 in the issues with lung 
cancer organizations and normal lung tissue by the immunohistochemistry method 
and study the changes and the relationship of these proteins expression in lung 
cancer．The expressions of the Cx43, AKAP95 and cyclinE2 are examined in the 
samples of 51 patients with lung cancer and 15 normal lung tissues by S-P 
immunohistochemistry methods. Experiment results show that the positive rate of 
Cx43 in the lung cancer is lower than normal lung tissue (χ2=4.970, P=0.026＜0.05). 
But the positive rate of AKAP95 and cyclinE2 in the lung cancer is higher than 
normal lung tissue(χ2=11.300, χ2=19.636, and P ＜ 0.05). There is significant 
difference in statistics of the Cx43, AKAP95, cyclinE2 in the various differentiation 
grades(P＜0.05). Between the expression of Cx43 and lymph node metastasis have a 















on the expression of cyclinE2 and histological type of lung cancer(χ2=6.770, P=0.034
＜0.05). A significant correlation is observed between the interaction of Cx43 and 
cyclinE2 in lung carcinogenesis(r=0.316, P=0.017 ＜ 0.05). Presumably, the 
expression of Cx43, AKAP95 and cyclinE2 related to the process of lung 
carcinogenesis, development and histological differentiation. In addition, we 
conjecture that the expression of Cx43 has involved in lympho node metastasis, and 
the expression of cyclinE2 related to the degree of histological type. 
In the cell level, we proved that there is an interaction of AKAP95 and cyclinE2 
inside the nucleus of A549 through Co-Immunoprecipitation and Western blot. In 
order to study the mechanism of Cx43 regulation cell cycle by GJIC independent, we 
examined the interaction of AKAP95 and cyclinE2 of A549-Cx43 in which Cx43 is 
overexpression. The interaction is stable inside the nucleus, but the interaction of 
AKAP95 and cyclinE2 is found in the cytoplasm too. In addition, cyclinE2 is found in 
the cytoplasm through immunohistochemistry, Western blot and immunofluorescence. 
In order to verify the result of preliminary experiments on cell morphology that 
is whether or not the PKA activity has an effect on the interaction of Cx43 and 
AKAP95. We used cellular immunofluorescence method and observed by the 
confocal microscope. The images show that Cx43 and AKAP95 still collocated in 
nucleus of A549 after H-89 treated, and found the expression of Cx43 is primarily in 
nucleus. 
















缩略词 英文全称 中文全称 
Cx43 Connexin 43 间隙连接蛋白 43 
GJ Gap junction 细胞间隙连接 
GJIC Gap junction intercellular communication 细胞间隙连接通讯 
cDNA Complementary DNA 互补脱氧核糖核酸 
CDK Cyclin-dependent kinases 周期蛋白依赖性蛋白激酶 
cAMP Cyclic Adenosine monophosphate 环磷酸腺苷 
PKA cAMP-dependent protein kinase A cAMP 依赖性蛋白激酶 A 
AKAP95 A-kinase anchoring protein 95 蛋白激酶 A 锚定蛋白 95 
DAPI 4',6-diamidino-2-phenylindole 4',6-二脒基-2-苯基吲哚 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
Tris Hydroxymethyl aminomethane 三羟基甲基氨基甲烷 
TEMED N, N, N', N'-tetramethylethylenediamine N, N, N', N'-四甲基乙二胺 
SDS- 
PAGE 




BSA Bovine Serum Albumin 牛血清白蛋白 
TRITC Tetramethylrhodamineisothiocyanate 四甲基异硫氰酸罗丹明 
FITC Fluorescein Isothiocyanate 异硫氰酸荧光素 
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织的不同发育阶段而异，其数量直接影响 GJIC 的功能[8]。 
1.1.2 Cx 的结构与功能 
Cx 属于多基因家族，各家族成员的基因序列具有高度的同源性。这些 Cx
依据其种属及相对分子质量的大小而进行命名，如 mCx32 为鼠的相对分子质量
约为 32KDa 的 Cx[9]、Cx43 为分子量为 43KD 的含有 387 个氨基酸的多肽等[10]。 
目前从脊椎动物中至少已分离克隆出 20 种 Cx 基因，在人类组织中发现有
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